1. Background {#sec88025}
=============

Inflammatory Bowel Diseases (IBD), including Ulcerative Colitis (UC) and Crohn's Disease (CD) are chronic intestinal disorders of unknown etiology with a typically relapsing and remitting course ([@A22796R1]). Most patients with chronic UC run a relapsing course. The reasons of such relapses remain unknown. Diarrheal episodes, abdominal pain, occasional rectal bleeding, anorexia, and anemia with or without fever are complains during relapse periods ([@A22796R2], [@A22796R3]). Besides, many of patients need hospitalization and intensive cares in the course of exacerbation. For evaluation and risk stratification of patients for exacerbations, using a simple, noninvasive and inexpensive test would be highly desirable. An ideal marker would be sensitive, thereby reliably detecting intestinal inflammation, yet affording a good specificity that avoids unnecessary investigations ([@A22796R4]). Fecal Calprotectin (FC) an important granulocyte cytosolic protein, is closely correlated to fecal excretion of 111-indium-labeled leucocytes ([@A22796R5]). Several studies investigated the value of FC in prediction of relapse in non-symptomatic patients ([@A22796R6]-[@A22796R10]). Gisbert et al. included 89 CD and 74 UC patients in clinical remission, and found that sixteen patients (9.8%) experienced a clinical relapse within 12 months of follow-up, and FC level at enrollment was higher in patients with clinical relapse ([@A22796R11]). In addition, Tibble et al. reported significantly higher FC levels in relapsing compared to non-relapsing patients with UC ([@A22796R7]). Furthermore, there are some valuable indices for assessment of activity of the disease such as the Seo index ([@A22796R12]), which uses multiple biomarkers and clinical symptoms to identify the severity of UC.

2. Objectives {#sec88026}
=============

The present study aimed to evaluate the accuracy of FC and the Seo colitis activity index and their correlation in prediction of UC exacerbation.

3. Patients and Methods {#sec88031}
=======================

This prospective cohort study was conducted from 1 October 2012 to 1 October 2013, when we followed 157 UC outpatients diagnosed according to the Truelove criteria ([@A22796R13]). Two patients left the study before completion and one patient had relapse because of discontinuation of drugs. The number of patients in this study was the same sample size originally used in the previous large study to assess time to relapse in patients with UC. All patients had been in clinical remission for at least three months and were selected through systematic sampling from 1273 registered patients, which the sampling interval was approximately eight (1273/157). All 1273 patients (sampling frame) had been registered in governmental IBD registry, related to Shiraz University of Medical Sciences, Shiraz, Iran ([@A22796R14]). The registry center was established in 1989 and has registered and followed IBD patients actively in Fars province, in southern Iran. Gastroenterohepatology research center has a complete access to patients and their paper and electronic files and this study was conducted in the above research center. Clinical remission in this study was defined as the Seo index lower than 120 or lack of rectal bleeding and having normal stool frequency ([@A22796R15], [@A22796R16]). Patients who had used nonsteroidal anti-inflammatory drugs (NSAIDs), in oral, topical or enema routs, within three months prior to the study or were pregnant were excluded from the study, since these conditions are known to be associated with elevated FC levels. This study was approved by the ethics committee of Shiraz University of Medical Sciences in 21 January 2012 (code: 6024).

3.1. Follow-up Plan {#sec88027}
-------------------

After complete explanation of reasons, objectives and method of our study to patients, all of them signed an informed consent form before enrolment. The patients were followed for 12 months from October 2012 to October 2013, or shorter if they had relapse, with serum, stool and clinical evaluation performed every three months. All patients with definite relapse after accurate recording of relapse date were excluded from the study. Clinical relapse was defined as elevated Seo activity index higher than 220 ([@A22796R17]) or worsening of symptoms (including abdominal pain, diarrhea with or without blood and rectal bleeding) sufficient to require a change in therapy (increasing the dose, changing the current drug (s), addition of steroids, hospitalization or surgery) ([@A22796R18]).

3.2. Variable Measurements {#sec88028}
--------------------------

Demographic and disease related variables were obtained from patients according to registry questionnaire by one trained general practitioner. In first and each follow-up visit, UC severity questionnaire, according to the Seo index and drugs consumption questionnaire were completed.

3.3. Laboratory Investigations {#sec88029}
------------------------------

Before sampling, all enrolled patients were called and the importance of study and their samples was recalled for them properly. Then, blood and stool samples were taken from each patient at the beginning of study and every three months. CBC analysis including WBC and platelet counts was performed according to standard laboratory procedure using automated full diff analyzer. Hemoglobin (Hb) and erythrocyte sedimentation rate (ESR) were evaluated by routine laboratory methods. These four variables are measured routinely in pathobiologic laboratory and their results have well validity. For these variable and ones described below, all measuring apparatus were calibrated and checked with other control and standard samples to ensure that there were no personal or equipment errors. Serum iron concentration was determined by chemical colorimetric method (Pars Azmoon, Tehran, Iran) with a sensitivity of 5 μg/g. This is a simple spectrophotometrical method, which measures the Fe content of each specimen by measuring the absorbance of sample in 600 nm using standard curve ([@A22796R19]). Serum albumin (Alb) levels were determined by kinetic colorimetric method (Biosystems, SA, Spain) with a sensitivity of 1.1 g/L ([@A22796R20]). FC was determined using a commercially available enzyme-linked immunosorbent assay (Buhlmann Laboratories AG, Schonenbuch, Switzerland), which measures quantitative calprotectin ([@A22796R21]). The measuring range of test was 10-600 μg calprotectin/g feces with intra- and inter-assay coefficients of 4.7% and 4.1%, respectively. The calprotectin cut-off level representing a positive value was equal or greater than 50 μg/g as stated by the manufacturer.

3.4. Statistical Analysis {#sec88030}
-------------------------

Quantitative variables were shown as mean ± SD and qualitative ones were expressed as frequency (%). Univariate comparisons were performed using independent student t-test, Mann-Whitney and chi square tests. Additionally, Pearson correlation test (r) was applied to determine the correlations between FC and the Seo index. The primary outcome of study was relapse in the course of UC. First, all independent variables including age, gender, cigarette smoking, appendectomy, duration of disease before the study, extra-intestinal manifestations, months of remission before the study, number of previous relapses, the Seo index, Hb, ESR, WBC, Alb, platelets, and FC were analyzed in univariate analyses to determine the potential association with the outcome variable. Then all associations with P \< 0.1 were included in multiple logistic regression with forward stepwise method. Multicolinearity was also evaluated by calculation of variance inflation factor. Afterwards, the ROC curve analysis was performed to evaluate the accuracy of FC and the Seo index in prediction of relapse in patients with ulcerative colitis. All analyses were performed using SPSS statistical software version 16 (Inc. Chicago, IL). P value ≤ 0.05 was considered as statistically significant.

4. Results {#sec88032}
==========

Our study included 157 patients with UC at the beginning, but three participants withdrew during the study. Mean follow-up time of patients was 232 days. Our patients followed for one year were 48.7% female (mean age: 42.48 ± 11.22 years, range: 20-69 years) and 51.3% male (mean age: 41.81 ± 10.82, range: 21-83 years) and no significant differences were observed with respect to their gender distribution (P = 0.70). According to the results, 64 non-relapsing (80%) and 62 relapsing (83.8%) participants received Mesalazine (P = 0.65). Univariate comparisons of quantitative variables in relapser and non-relapser UC participants are shown in [Table 1](#tbl22508){ref-type="table"}. Accordingly, the relapsers had significantly lower age, duration of disease and duration of remission before the study, Hb and Alb, but higher number of previous relapses, the Seo index, ESR, WBC and FC levels compared to non-relapsers (P \< 0.05). The univariate comparison of categorical variables between relapsers and non-relapsers UC patients is presented in [Table 2](#tbl22509){ref-type="table"}. The results demonstrated a significant difference between relapser and non-relapser patients concerning female gender and cigarette smoking (P = 0.1, OR = 1.68, P = 0.01, OR = 2.55, respectively). The results of multiple logistic regression disclosed that FC, age, number of previous relapses and the Seo index were the best variables for predicting relapse in UC patients ([Table 3](#tbl22510){ref-type="table"}). The ROC curve analysis for the Seo index (the area under the curve, AUC, 0.921 ± 0.023; P \< 0.001) and FC (AUC, 0.882 ± 0.030; P \< 0.001) are shown in [Figure 1](#fig16973){ref-type="fig"}. ROC curve and AUC were drawn and calculated, respectively, by a nonparametric method using SPSS software. Based on ROC curve analysis, FC levels of equal to or greater than 341 µg/g feces had remarkable sensitivity and specificity in prediction of relapse (sensitivity = 80%, specificity = 89%, positive predictive value = 86.76%, negative predictive value = 82.56%, positive likelihood ratio = 7.09, negative likelihood ratio = 0.23). The sensitivity and specificity for prediction of relapse were high in patients with the Seo index of equal to or greater than 148.3 (82% and 91%, respectively and positive predictive value = 89.71%, negative predictive value = 84.886%, positive likelihood ratio = 9.42, negative likelihood ratio = 0.19). The maximum values of the Youden\'s index for calprotectin and the Seo index revealed appropriate results (0.74 and 0.71, respectively). Relapse rates below and above the cut off points are presented in [Table 4](#tbl22511){ref-type="table"}. The Pearson correlation coefficient (r) revealed a significant relationship between FC values and the Seo index for prediction of relapse ([Table 5](#tbl22512){ref-type="table"}) (r = 0.637, P \< 0.001).

###### Comparison of Quantitative Clinical and Demographic Characteristics in Univariate Analysis of Relapser and non-Relapser UC Patients^[a](#fn20337){ref-type="table-fn"}^

                                               Relapsers (n = 74)   Non-Relapsers (n = 80)   P Value
  -------------------------------------------- -------------------- ------------------------ ----------
  **Quantitative variables**                                                                 
  **Age, y**                                   36.90 ± 8.89         46.97 ± 10.56            \< 0.001
  **Duration of disease before study, mo**     88.89 ± 57.91        109.88 ± 64.82           0.036
  **Duration of remission before study, mo**   37.39 ± 32.67        55.02 ± 45.36            0.007
  **Number of previous relapses**              5.02 ± 3.29          2.22 ± 1.90              \< 0.001
  **Seo index**                                278.07 ± 142.32      118.07 ± 33.46           \< 0.001
  **Hb, g/L**                                  13.36 ± 1.77         14.25 ± 2.08             0.005
  **ESR, mm/h**                                21.09 ± 13.30        13.23 ± 8.49             \< 0.001
  **Alb, g/L**                                 4.16 ± 0.48          4.64 ± 0.25              \< 0.001
  **WBC, 10** ^**9**^ **/L**                   7.28 ± 1.78          5.38 ± 1.10              \< 0.001
  **Platelets, 10** ^**9**^ **/L**             268.43 ± 20.2        228.58 ± 49.7            0.09
  **FC, μg/g**                                 862.82 ± 655.97      163.19 ± 215.85          \< 0.001
  **Iron, μg/g**                               13.06 ± 1.36         13.11 ± 1.32             0.794

^a^Data are presented as mean ± SD.

###### Comparison of Clinical Categorical Characteristics in Univariate Analysis of Relapser and Non-Relapser UC Patients^[a](#fn20338){ref-type="table-fn"},[b](#fn20339){ref-type="table-fn"}^

  Categorical Variables                 Relapsers (n = 74)   Non-Relapsers (n = 80)   P Value   OR     95% CI
  ------------------------------------- -------------------- ------------------------ --------- ------ ------------
  **Gender**                                                                                           0.88-3.14
  Male                                  33 (41.8)            46 (58.2)                0.10      1.68   
  Female                                41 (54.7)            34 (45.3)                                 
  **Cigarette smoking**                                                                                1.16-5.61
  Non smokers                           23 (31.1)            12 (15)                  0.01      2.55   
  Smokers                               51 (68.9)            68 (85)                                   
  **Appendectomy**                                                                                     0.024-2.02
  Yes                                   4 (5.4)              1 (1.2)                  0.14      0.22   
  No                                    70 (94.6)            79 (98.8)                                 
  **Extra intestinal manifestations**                                                                  0.668-2.41
  Yes                                   29 (39.2)            36 (45)                  0.46      1.27   
  No                                    45 (60.80)           44 (55)                                   
  **Positive family history**                                                                          0.43-3.14
  Yes                                   8 (10.8)             10 (12.5)                0.74      1.17   
  No                                    66 (89.2)            70 (87.5)                                 

^a^ Abbreviations: CI, confidence interval; OR, odds ratio.

^b^ Data are presented as No. (%).

###### Cut-Off and Relapse Rates of Fecal Calprotectin (FC) and the Seo Index (n = 154) ^[a](#fn20340){ref-type="table-fn"},[b](#fn20341){ref-type="table-fn"}^

  Variables       Cut-Off   Relapse Rate Below Cut-Off   Relapse Rate Above Cut-Off
  --------------- --------- ---------------------------- ----------------------------
  **FC, μg/g**    341       11.2                         79.7
  **Seo index**   148.3     17.6                         82.4

^a^Abbreviations; FC, Fecal Calprotectin; CI, Confidence Interval; OR, Odds Ratio.

^b^Data are Presented as %.

###### The Variables Which Remained in the Final Multiple Logistic Regression Model to Predict Relapse in Patients With Ulcerative Colitis

  Parameters                        P Value    OR      95% CI   
  --------------------------------- ---------- ------- -------- --------
  **FC**                            0.001      8.13    2.33     28.35
  **Age**                           0.002      9.24    2.29     37.24
  **Number of previous relapses**   0.024      4.22    1.21     14.75
  **Seo index**                     \< 0.001   52.77   11.86    234.76

###### The Area Under the Curve of FC and Seo Index

  Variables                Area Under Curve   P Value
  ------------------------ ------------------ ----------
  **Fecal calprotectin**   0.882              \< 0.001
  **Seo index**            0.921              \< 0.001

![The ROC Curve Analysis on the Abilities of Fecal Calprotectin (FC) and the Seo Index in Prediction of Relapse in Ulcerative Colitis (UC) Patients](ircmj-17-02-22796-i001){#fig16973}

5. Discussion {#sec88033}
=============

In this prospective population based cohort study with a large number of patients, we evaluated the predictive ability of FC as a marker of relapse compared to the Seo index in an Iranian population of UC patients during four periods of follow-up. Our 12-month follow-up study demonstrated that in patients with UC, FC concentration was a strong predictor of clinical relapse. Moreover, the cut-off level of 341 μg/g had the highest combined sensitivity and specificity as a predictor of relapse in UC. Besides, the results revealed a significant correlation between FC and the Seo index in prediction of relapse. Several studies previously investigated the value of FC measurement in IBD ([@A22796R22]-[@A22796R25]). In addition, some studies demonstrated the predictive ability of FC measurement as a biomarker for relapse in UC ([@A22796R6], [@A22796R8], [@A22796R26]-[@A22796R28]). However the number of study patients was relatively small and less than 100, in all the abovementioned reports. On the other hand, one of the advantages of our study was the large number of enrolled UC patients, which enhances the power of results. As UC and CD have different inflammatory patterns, the value of FC in predicting relapse may be different for the two diseases. Based on the studies conducted on the value of FC in predicting IBD relapse, FC seemed to be a relatively sensitive and specific marker of relapse in UC ([@A22796R29]). Recently, Kallel et al. found an 18% clinical relapse while following 53 CD patients for 12 months. They also observed that the mean calprotectin levels were significantly higher in the relapse group compared to non-relapse group (381 μg/g vs. 155 μg/g, respectively). In addition, they showed that a cut-off level of 340 μg/g for FC provided a sensitivity of 80% and a specificity of 91% in prediction of relapse, which was correlated to an 18-fold increased risk ([@A22796R30]). In a prospective multicenter study, Gisbert et al. assessed 163 IBD patients (89 CD, 74 UC) in clinical remission and found that the risk of relapse was 30% if calprotectin level was over 150 μg/g and 7% if the level was below 150 μg/g ([@A22796R11]). In another study conducted by Costa et al., the risk of relapse within 12 months was increased by 14-folds in UC patients with FC levels \> 150 μg/g ([@A22796R5]). It has been reported that some patients in remission may have low intestinal inflammation. Besides their FC values might be higher, but does not usually exceed 150 μg/g ([@A22796R11]). Furthermore, Nakov et al. reported no significant differences between patients in remission and those in the control group concerning the average FC levels, and that the levels above 250 μg/g were correlated to disease relapse in the next month ([@A22796R31]). The calculated cut-off level in the current study (341 μg/g) was relatively higher compared to what reported by Gisbert et al. (150 μg/g) ([@A22796R11]), Costa et al. (150 μg/g) ([@A22796R5]) and Nakov et al. (250 μg/g) ([@A22796R31]). However, was similar to that mentioned by Kallel et al. (340 μg/g) ([@A22796R30]) with good specificity and sensitivity in prediction of relapse in UC patients. In one meta-analysis conducted by Mao et al. on six prospective studies, pooled sensitivity of 0.77, pooled specificity of 0.71 and pooled AUC of 0.78 were reported for predictive capacity of FC in UC relapse ([@A22796R29]). Finally, Nikolaou reported that clinical indices of disease activity in IBD did not adequately reflect the degree of inflammation in remission or prior to diagnosis. However, elevated calprotectin level in these patients was more efficient than the Seo index in relapse prediction ([@A22796R32]). Large sample size, prospective population base of the study, enough time for presentation of relapse (the major outcome of the study), measuring major quantified and qualified variables in one study and evaluation of the effect of each variable on the outcome of study and introducing new cut-off point for calprotectin and the Seo index for prediction of relapse were the major strong points of our study. Because of financial limitations, we could not check some important variables such as interleukins and histopathological grade of the intestinal mucosa. Our study results were perfectly in line with all the above mentioned previously published data. We concluded that FC was currently the best available single surrogate marker for predicting relapse in UC patients. According to the present study results, FC had a good linear correlation with Seo UC activity index during patients\' follow-up. These results are of practical importance as calprotectin is remarkably stable in stools for up to seven days at room temperature, enabling sample collection at home even in patients who live in long distance from referral centers. Finally, our results encouraged application of FC measurement in clinical practice (FC levels of equal or greater than 341 µg/g feces) to evaluate the risk of clinical relapse in patients with UC in Iranian patients.
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